Embodied conversational agents are changing the way humans interact with technology. In order to develop humanlike ECAs they need to be able to perform natural gestures that are used in day-to-day conversation. Gestures can give insight into an ECAs personality trait of extraversion, but what factors into it is still being explored. Our study focuses on two aspects of gesture: amplitude and frequency. Our goal is to find out whether agents should use specific gestures more frequently than others depending on the personality type they have been designed with. We also look to quantify gesture amplitude and compare it to a previous study on the perception of an agent's naturalness of its gestures. Our results showed some indication that introverts and extraverts judge the agent's naturalness similarly. The larger the amplitude our agent used, the more natural its gestures were perceived. The frequency of gestures between extraverts and introverts seem to contain hardly any difference, even in terms of types of gesture used.
INTRODUCTION
We began this series of studies because the naturalness of ECAs' behaviors is becoming increasingly important. User interfaces for computer applications increasingly use ECAs as a means of enhancing the user experience. ECAs are part of a multi-billiondollar industry ranging from entrainment to complex training systems [2] . Users prefer ECAs as an interface for systems because they feel more comfortable talking to a visual representation of the computer than a disembodied voice [18] . Human-ECA interaction can involve many facets of conversation such as face-to-face interaction, communication parallelism, and visual representation of the system's state [12] . However, ECAs remain in the early stages of development in terms of natural and believable human-like behavior.
People use gestures, consciously and subconsciously, in day-today conversation as a large part of their communication. Although we know that gestures are important, the possibility of different types and variations of a gesture may affect how users perceive the agent. That is, the way an agent gestures to the user may significantly affect the impact of the agent's message. One of the functions of gesture in conversation is to signal increased familiarity; people do this by, among other things, increasing the amplitude of nonverbal communicative behaviors such as hand gestures and head nods that are associated with extraversion [17, 3, 5] . That is, an ECA's gestures and their degree of extraversion as expressed through greater amplitude, can build rapport between the ECA and its human conversational partner. Accordingly, we seek to learn whether people judge gesture size differently depending on their personality trait of extraversion. Introverts may see an extraverted agent's gestures as unnatural because introverts tend to perform smaller gestures. Moreover, the prior studies that related extraversion/introversion and gesture size for ECAs have remained unclear about the actual amplitudes of the gestures they studied and even lacked a definition of gesture amplitude. So as a part of the work reported here, we propose a baseline measurement system for gesture amplitude. And with this analytical approach, we set out to answer three main questions:
1. Do people perceive an agent's gesture as more or less natural as a function of (a) the person's personality trait of extraversion vs. introversion and (b) the amplitude of the agent's gestures? 2. Does the perceived size of the gestures correlate to their actual sizes? 3. Which personality type gestures more frequently, and do they use different gestures with different frequencies?
In this paper, we report on a series of empirical experiments concerning the frequency and amplitude of gestures as a function of extraversion or introversion. Our first experiment studied whether people's perceptions of the naturalness of the amplitude of gestures by embodied conversational agents (ECAs) depends on the person's trait of extraversion vs. introversion. Our second experiment studied whether the trait of extraversion vs. introversion affects people's judgment of the amplitude of an ECA's gestures; in doing so, we had to define how to measure an ECA's gesture amplitude. Our third study examined a new corpus of human-human interaction to determine whether extraverts and introverts differed with respect to the frequency distributions of the gestures they use.
BACKGROUND
An ECA is a form of human-computer interaction that involves an intelligent virtual character that can communicate by using speech, facial expressions, and gestures. ECAs can vary graphically in appearance depending on the desired virtual environment the ECA lives in and the role assigned to them. A help-desk ECA may only have its upper body visible, while a museum's tour-guide ECA may need a full body. ECAs that appear more human-like are easier for humans to interact with and develop rapport [5] . Their combination of gesture, speech, and facial expressions factor not only into believability and rapport but also into the perceived personality of the agent [17] .
Extraversion, agreeableness, and other Big 5 personality traits are important to an ECA's design [4] . Extraversion is defined as being talkative, outgoing, and enjoying social interactions [15, 7] . Introverts are characterized by just the opposite: they like keeping to themselves, making decisions by reflecting on internal conversations, and avoiding social interactions. These personality traits can be expressed not just through an agent's speech, but also in conjunction with non-verbal behavior. While gestures typically do not have defined parameters for expressing intended personality traits, studies of human-human interaction can be used as a basis for identifying personality. Indeed, in human-human conversation, a majority of a message being communicated was found to consist of nonverbal behavior [14] . In this study, the investigators used speech and nonverbal association as a test. Speech and nonverbals were classified as three different degrees (positive, neutral, and negative), and different combinations were used to see which had more weight. Nonverbals were found to have more weight than the speech component, but both together were the best way to communicate a message.
There are several different types of nonverbal gestures, each with a different level of meaning behind the message [13] . The first type comprises iconic gestures, which relate closely to speech.
They help illustrate what is being said and are useful when synchronized with speech. An example of an iconic gesture would be using hands to indicate an object's size. The second type comprises functional/deictic gestures, which imply instruction to a person, usually by pointing to a space. An example of this would be pointing to a location and telling someone to move to that spot. The third type comprises beat gestures, which consist of rhythmically moving a body part; these are usually created spontaneously during speech. Speakers also use beat gestures to emphasize words by pausing the rhythm of speech. For example, person presenting a talk may tend to move both hands in small circular motions and slow down these motions when saying key words.
Personality appears to affect conversants' use of gestures. In particular, extraversion correlates positively with the production of "representational" (i.e., non-beat, iconic and deictic) gestures [8] . The study grouped participants in pairs to play a word game. This research leads to open questions of whether these findings translate to more realistic conversational settings and whether a similar pattern obtains for beat gestures.
With their importance in human-human conversation, gestures likewise play an important role in human-agent interaction, too [9, 10, 11] . ECAs that are able to understand a user's gesture, to respond with their own gestures, and to synchronize this with their speech represent an ideal in this regard. The problem is choosing the correct gesture and expressing it in a manner consonant with the user's personality, the dialog, and the user's beliefs about the agent's capabilities. Once performed, gestures in turn contribute to the user's perception of the agent's personality.
First impressions are an important part of the conversational process, which can shape how a user interprets an ECA's persona. Within the first 12.5 seconds of interaction with an ECA, users will make inferences about friendliness, likeness, and extraversion [3] . In that study, the agent would approach the users with varying levels of gaze, smile, and proximity to the user. ECAs that smiled were seen as more friendly and likable even if they approached the user before a conversation. This means an ECA that intends to be friendly should start its a conversation is a smile. This result is consistent with findings in social psychology that smiling and starting a conversation indicate extraversion [18] .
For ECAs, gestures close to human-likeness make for the most natural gestures. Previous studies have created animations based on recorded human gestures by either using motion capture or video [1, 5, 16] . In most cases the gestures that are rated by users are seen as natural and make the agent look more human. Naturalistic qualities are important for the agent because if the agent is perceived as unnatural, then it will likely be more difficult to build human-agent rapport. However, what is considered a "natural" gesture to capture is problematic because the process of capturing gesture from human-human interaction may not be natural in itself. Even if gestures are captured in a non-intrusive way, we still do not know the range of amplitude for naturalness that could alter the personality perceived by the user. And the amplitude of gestures that seem appropriate in human-human interaction may not necessarily seem appropriate in human-agent interaction. Moreover, the type of gesture and the personality of the person that was used for capturing the gestures may also affect the agent's perceived personality. If the developers of an ECA wish to have the agent convey a particular personality, then the capture, processing, and generation of gestures will have to take this design goal into account.
Different levels of gesture rate and amplitude have been tested to see if they affect an agent's perceived level of extraversion [17] . This study's investigators developed a gesture rubric that included several non-verbal motions that comprise the gesture. The rubric included gesture amplitude, arm swivel, stroke, duration of the gesture, and much more. Their results indicated that each of the attributes contributed to increased extraversion perceived by the user. However, gestures' amplitude was described only in general terms with respect to differences between extraversion (broad) and introversion (narrow). Another study [5] narrowed in on the amplitude feature from the rubric. The amplitude of gestures was measured with visually different agents to see which one users connected more with and which one provided more information uptake. Users listened to a story told by two agents, a cartoon alien agent and a realistic human agent. Both agents used the same motion-capture movements for the gestures, but the human was perceived as having more natural gestures. This suggested that users remembered information more in the large-amplitude extraverted condition of the videos than the small-amplitude introverted condition. We note, though, that this study did not define a baseline for the amplitude, which led to having a high baseline for the normal gestures. For future systems, if a baseline amplitude for normal gestures were known, an agent could adjust gesture amplitude to convey personality. Accordingly, in the series of studies reported here, we work toward defining such a baseline.
Users notice if an agent is extraverted, based on the amplitude of its gesture [6] . This study used a storytelling scenario between two agents to see if users perceived the personality of each agent. One agent would gesture with large amplitude while the other used gestures that were the same but smaller in size. Users noticed the difference between the two agents and correctly perceived that the larger amplitude agent was the extraverted agent. However, though amplitude does contribute to users' perceptions of agents' personality, there may be a threshold for the amplitude. If a gesture is too big or small, it could be seen as unnatural. Accordingly, in experiments reported here, we seek to calibrate the size and the perception of size of gestures across extraverted/introverted agents and across extraverted/introverted subjects.
METHODOLOGY
To explore these issues, we conducted three studies corresponding to the research questions listed in Section 1:
We now turn to the methodology we deployed toward finding answers to these questions.
Gesture Amplitude Perception
Our first look at gesture amplitude was through a perception study, in which we sought to determine whether users perceived the naturalness of the size of the agent's gestures differently as a function of their personality trait of extraversion/introversion. We had 60 participants, all undergraduate students in computer science who received extra credit as an incentive for participating. Participants took a brief introversion/extraversion-scale survey.
The survey consisted of a standard Myers-Briggs personality assessment that used a word-pair approach [20] . This survey measured four aspects of personality: extraversion/introversion, intuitive/sensing, feeling/thinking, and perceiving/judging. Out of these, 30 participants were labeled as extraverts and the others as introverts. They were then asked to judge the naturalness of 30 gestures. These gestures were separated into six categories. Three of the categories (A, B, C) were gestures, captured from humanhuman conversation, that increased in amplitude. The other two categories (I, E) acted as a control group. The control-group gestures were animated from a previous experiment with the E animations acting as modified versions of the I gestures but with a larger amplitude. The participants were seated within the experiment room with the agent being projected onto a wall. Participants were briefed on the rating process. The agent would perform each gesture and continue once each person was done rating her. Gestures were played in a loop so that participants could make accurate judgments. When performing gestures, the agent did not have any audible speech, so that users would only judge her movements. A set of five demonstration gestures was shown before starting the experiment so they could get a feel of what to expect of the agent's movement. Participants viewed the animations in groups and graded each animation using a Likert scale from 1 (amplitude far too small) to 7 (amplitude far too large); the closer to 4, the more natural the gesture. The gestures were shown in random order for each group of participants. Figure 1 shows example gestures from some of the categories.
Gesture Amplitude Measurement
In our second study, we sought to define the amplitude of the virtual agent's gestures that were used in the Perception Study, thus providing a baseline amplitude for normal gestures. We also wanted to find the apex of the largest gestures to see if they matched results from the perception study. Two annotators analyzed the gestures by measuring the largest amplitude of the agent's gestures for all 30 animations. A single animation can be made up of multiple gestures, so the annotators had to agree on the gesture that appeared the largest. The annotated gestures are from a full-body representation of the ECA, but annotation focused on the agent's arms.
Figure 1. Gesture from categories A (left), E (middle), and C (right).
A has the smallest amplitude and C has the largest. Figure 2 shows the first iteration of our measurement approach, which was a grid overlaid over different screenshots of the lowest and highest amplitude point of a gesture. The grid was designed so that the areas leading further outward from the center represented a larger level of distance. The amplitude of the gesture was measured by where the agent's hands were located in the grid. The start and end positions of the perceived largest gesture were overlaid under the grid. From this, the annotators looked at the position of the hands and used that to note the gesture's amplitude.
The problem with measuring gestures using the grid was that only the x and y axis could be analyzed. There was no indication on the measurement for the z-axis of the gesture, which also contributes to the amplitude. As humans, we move in 3D space and presumably judge measurements within that space, so we felt it made sense to include the z-axis. Also determining exactly what quadrant the fingertips were located in was difficult. To eliminate possible error, the extremal spaces in the grid have a larger amount of space to ensure that extremely large gestures are actually measured as such. There were several iterations of the grid, but each had its own faults. Using the hands as the measuring point for the starting point and apex point of a gesture also came under scrutiny because some gestures that should be introverted (hands and arms inwards towards the chest) with a small amplitude would have a large amplitude. Instead of measuring where the hand was located at the minimum and maximum point of a specific gesture, we had to develop a baseline for the minimum for all 30 animations. This minimum became the neutral position in which the agent starts before each animation.
The solution to these problems was to measure each gesture as if she were in the experiment space. If we could find the displacement for each axis in 3D space, then we would have an accurate value for the amplitude of a gesture. Accordingly, the agent was projected at the same size and on the very same wall as it had been projected in the perception experiment. That is, the agent was exactly the same size, and its gestures were exactly the same amplitude, as in the first study. For each animation, the annotators paused the agent and measured her distance from the neutral position (standing with her arms to the side of her) to the maximum amplitude of her gesture. Each measurement was made in inches using yardsticks placed against the projected wall. The horizontal and vertical distance in inches for her hand during maximum amplitude represented the X and Y axes. Rotating her model in Unity provided the annotators with a way to measure the Z axis. These measurements were done for both of her arms because most of her gestures were conveyed using both of them. Figure 3 shows an example of a measurement for the agent's right hand. A gesture that used only one hand extended should be smaller than a gesture that uses both hands.
For gestures that crossed over her body, we marked the respective axis as negative but used absolute value when calculating results. We defined negative displacement relative to the axis being measured from the starting position. If the agent's arms crossed over her body from left to right (or vice-versa for the other arm) then that was marked as negative displacement. Similarly, negative vertical displacement was when the gesture went below the starting position, and negative Z axis was when the gesture ended up behind the agent. After conducting the measurements, we found the total distance traveled by the hand using the distance formula: sqrt((x2-x1) 2 + (y2-y1) 2 + (z2-z1) 2 ). This calculation was done for both the left and right hands for each animation.
Gesture Frequency
In our third study, we sought to explore the range of natural gestures that are exhibited by introverts and extraverts. Did the gesture-frequency results in [8] hold for natural conversation and across all gesture types? Do extraverts and introverts use different sorts of gestures?
In a previous experiment we had recorded video of one-on-one conversations between people to capture gesture animations for our agent. We had asked the subjects to complete an instrument indicating their extraversion/introversion trait. The subjects were isolated within a room so that they would gesture as naturally as possible while talking to one another. Video was recorded using two Microsoft Kinects, each recording one of the subjects in the room. A conversation topic was given to the pair so that they would begin a discussion, then after five minutes an experimenter would interrupt the conversation and ask them change to a different topic. The topics chosen were made to encourage discussion between subjects: "What favorite movie do you have in common?" and "Create a story about an accident occurring within the Chemistry and Computer Science Building."
The pairs of subjects were grouped based on the Big 5 personality trait of extraversion vs. introversion. Subjects were tested for their personality type by using a survey that provides an estimate of personality type using percentages (70% extravert, 30% introvert) [20] . In total we recorded ten conversations but only seven of these conversations could be used due to recording errors. Thirteen videos, each representing an individual in the conversation, were used for the analysis: seven extraverts and six introverts. Two participants can be seen in the experiment space in Figure 4 .
We hand-annotated each video by counting the number of gestures. We also categorized each gesture as a gesture type so that we could determine if there were any specific gestures that were used more frequently across personality types. The first category is whether the subject performing the gesture fidgeted frequently during the gesture. For this experiment, fidgeting is defined as small repeated movements made during a gesture. The second category is the gesture type (deictic, beat, or iconic). The third category is the gesture that was performed. We developed this list of gestures, presented in Table 1 , based on a previous analysis of these videos. Table 2 presents three examples our annotations.
To ensure accuracy of our annotations, we had three annotators rate each of the videos. All gestures that were performed by a subject were segmented from the original 13 videos so that each gesture could be rated individually. In total there were 392 segmented gesture videos. The annotation process consisted of playing the video of a gesture, on repeat, until each annotator was finished rating. Annotators were not allowed to say what they rated until each one was finished. However, they were allowed to discuss aspects that were unclear about a gesture like the start and endpoint, and description of the annotation categories. Figure 5 shows a layout of the room where the agent was projected.
Subjects had to stand and talk to one another, which means most of the gestures that occurred were related to the arms and hands. We expected, from both [8] and our own observations of the conversations, that extraverts would gesture more frequently than introverts. We did not have a priori expectations about differences between extraverts and introverts with respect to frequency distributions of their kinds of gestures; this phase of our study was exploratory. Accordingly, our hypotheses for this section are as follows: 1. Extraverts will gesture more frequently than introverts. 2. There will be a significant difference between the frequency of specific gestures used between introverted and extraverted subjects. 3. Extraverts will have more variance in gesture types than introverts.
RESULTS
We now turn to the results of the three studies, which we report beginning with the gesture-amplitude measurement study. 
Gesture Amplitude Measurements Results
After measuring each of the gestures and calculating the left-and right-arm vectors, we sorted the gestures into three categories according to size. As expected, the smallest gestures were mostly from the A and B gestures. The medium gestures contained most of the I gestures. The C and E gestures composed the majority of the large gestures. Table 3 presents these groupings. As indicated in Figure 6 , overall the gesture stimuli ranged in amplitude from the A gestures as the smallest, through the B, C, and I gestures, to the E gestures, which were the largest. 
Gesture Amplitude Perception Results
We calculated a mean rating for each type of animation, by introversion/extraversion. Unsurprisingly, the subjects' judgments of amplitude tracked the actual amplitudes of the gestures. The mean rating for the A gestures, which had smallest amplitude, was 2.85, that for the E gestures, which had the largest amplitude, was 4.21. This difference was significant (paired t-test, 2 tails, p < 0.0001). The results are summarized in Table 3 .
The correlation between judgments of introverts and extraverts was 0.95, which suggests that introverts and extraverts perceive gesture amplitude similarly. Figure 7 shows each gesture category's mean rating of amplitude; a rating of 4 represents the most natural amplitude. Figure 8 shows the subjects' combined mean amplitude ratings as a function of the gestures' actual amplitude, as measured by the maximum of the right-or left-hand gesture vector. The median vector maximum, extraverted naturalness, and introverted naturalness were calculated and are presented in Table 4 . The medians suggest that gestures with a left-or right-arm vector from 26 to 35 inches were seen as the most natural across both personality types. For clarity, Figure 9 presents this relationship as a chart.
Gesture Frequency Results
We now turn to our research question about the relative frequencies of gestures across personality types. We performed a Fliess's Kappa test on five of annotated videos to ensure validity of agreement. All Kappas were greater than 0.8, which suggests that the annotators had excellent agreement. The data suggest that extraverts do gesture more frequently than introverts. The mean gesture frequencies, in gestures per minute, were 4.11 (extravert) and 2.84 (introvert). The standard deviations were high for both groups: 2.06 (extravert) and 1.35 (introvert). However, even with the large main effect, the small sample size and high variance, led to a t-test result that was only suggestive (p = 0.075). The main effect is consistent with the findings reported in [8] , but in this case for conversation that could be seen as more natural. We also assessed frequencies for beat and non-beat ("representational") frequencies. For non-beat gestures, corresponding to those reported in [8] , the mean gesture frequencies, in gestures per minute, were 1.74 (extravert) and 0.94 (introvert). The standard deviations were again relatively high: Percieved amplitude likewise only suggestive (p = 0.091). These results are consistent with those found in [8] . For the beat gestures, the differences between extraverts and introverts did not appear to be as pronounced as for the non-beat gestures. For the beat gestures, the mean gesture frequencies, in gestures per minute, were 2.61 (extravert) and 2.07 (introvert). The standard deviations were 1.44 (extravert) and 0.67 (introvert). The results of a t-test were correspondingly less conclusive (p = 0.14). We note that extraverts displayed a greater range of gesture frequencies than introverts. Indeed, some of the extraverts gestured at the same rate as some of the introverts. Overall gesture frequencies, in gestures per minute, ranged from 0.68 to 6.87 (extravert) and from 1.90 to 5.53 (introvert).
As to differences between introverts and extraverts with respect to types of gestures performed, we compared the relative occurrences of iconic, deictic, and beat gestures across the extravert and introvert subjects group. A Chi-Square analysis suggests that the distributions are not dissimilar (p = 0.94).
We also calculated relative gesture frequencies for the 22 categories of specific gesture listed in Table 1 . Figure 10 presents the relative frequencies of the 19 categories of gesture for which at least one gesture was observed in our corpus. (We found no instances of both-hands-on-chin or both-hands-on-top of head.) The results in Figure 7 suggest that extraverts tend with greater frequency to gesture with both hands to the side of the body, and introverts tend with greater frequency to gesture with one hand on the chin, with one hand on top of the head, and with bringing the hands together in front of the body. Additionally, it appears that extraverts tended to use a wider range of gestures than did introverts, in that the distribution of gestures for extraverts was less uniform than that that for introverts: the average frequency of gesture types was 4.55%, but the variance of average gesture frequencies for extraverts was 0.46% and for introverts was 0.38%.
CONCLUSION
This paper has presented the first known account of the relationship between gesture and personality that reports the precise amplitudes of the gestural stimuli. Our analysis suggests that extraverts and introverts tend to see gesture amplitudes similarly in terms of perceived naturalness. That is, people do not appear to perceive an agent's gesture as more or less natural as a function of the person's personality trait of extraversion vs. introversion. With respect to some classes of gesture amplitude, both seem to be able to distinguish differences in the naturalness of gestures that differ by amplitude. In other words, people do appear to perceive an agent's gesture as more or less natural as a function of the amplitude of the agent's gestures. This is helpful for developers of ECAs because the size of gestures need not be changed as a function of personality types of users. However, a limitation of our study is that these measurements for the vectors may be relative to the size of our agent. The agent is about 60 inches tall with an arm span of 59 inches. These results may not be valid for an agent on a smaller screen. With respect to gesture frequencies, our results suggest that extraverts gesture with greater frequency than introverts, although this trend appears to be more pronounced for iconic and deictic gestures than for beat gestures. The variance in gesture frequency was much higher for extraverts than for introverts, so much so that some of the extraverts gestured less frequently than all of the introverts.
Conversants' types of gestures (iconic, deictic, and beat) do not appear to depend on the personality type, although extraverts have a greater range of variance in performing their gestures. This means that an extravert can perform a wide variety of gestures yet appear introverted due to the variance. There are possible differences in the relative frequencies of some specific gestures, such as both hands to the side of the body (higher frequency for extraverts) and one hand on the chin, one hand on top of the head, and bringing the hands together in front of the body (higher frequency for introverts). Extraverts Introverts could still be perceived as extraverted. However, the validity of our study is limited by the small number of conversations we recorded and annotated.
These three studies on gesture frequency and amplitude are exploratory. Our results suggest that frequency and amplitude do contribute to the personality and naturalness of the agent. The next step would be to test these findings a conversational setting between the agent and user. And because the process of perception of gesture amplitude may be relative to the size of the agent, we suggest replicating our studies with agents of different sizes, ranging from life-sized, to desktop, to mobile-device.
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